Objective: The purpose of this research was to study how early childhood hearing loss affects development of concepts and categories, aspects of semantic knowledge that allow us to group and make inferences about objects with common properties, such as dogs versus cats. We assessed category typicality and out-of-category relatedness effects. The typicality effect refers to performance advantage (faster reaction times, fewer errors) for objects with a higher number of a category's characteristic properties; the out-of-category relatedness effect refers to performance disadvantage (slower reaction times and more errors) for out-of-category objects that share some properties with category members.
Conclusions:
The presence of a typicality effect indicates that 1) the structure of conceptual representations for at least one category in the HI group was based on characteristic properties with an uneven distribution among members, and 2) typical objects with a higher number of characteristic properties were more easily accessed and/or retrieved. The presence of a relatedness effect indicates that the structure of representational knowledge in the HI group allowed them to appreciate semantic properties and understand that properties may be shared between categories. Speculations linked the association 1) between positive responses and degree of hearing loss to an increase in the quality, accessibility, and retrievability of conceptual representations with better hearing; and 2) between negative responses and age of identification/amplification/ education to an improvement in effortful, postretrieval decision-making proficiencies with more schooling and amplified auditory experience. This research establishes the value of our new approach to assessing the organization of semantic memory in children with HI. (Ear & Hearing 2006; 27; 686-702) Concepts are aspects of semantic knowledge that allow us to group and make inferences about objects with common properties, such as dogs versus cats (Small, 1990) . The development of concepts is clearly a complex, multidomain process involving abilities such as assembling world knowledge and belief systems, inferring the intensions of others, and remembering what has been learned. That said, auditory input plays a disproportionately potent role in setting up children's conceptual knowledge (Boothroyd, 1982) . Children learn concepts primarily by hearing or overhearing speech in a wide variety of contexts that allow them to discover referential meaning (Bloom, 2000) . The significant role of auditory input in building conceptual knowledge may also be fostered by children's auditory-perceptual proficiency, implicit learning skills, and apparent bias toward the auditory modality (Fisher, Church, & Chambers, 2004; Sloutsky & Napolitano, 2003) . Despite the acknowledged preeminence of auditory input in conceptual learning, we understand little about how variation in auditory input impacts development of this aspect of semantic knowledge.
The purpose of this research was to study how early childhood hearing impairment (HI) affects development of conceptual knowledge. Below, we outline the structure of semantic memory, review typicality and relatedness effects, introduce our chil-dren's category-verification task, present a model of the task and possible effects of HI, and predict specific patterns of results based on previous research describing semantic development in the presence of childhood HI. Readers who wish to preview upcoming terminology may consult the glossary in Appendix A. To our knowledge, this study is the first to formally assess the organization of semantic memory in children with HI.
Structure of Semantic Memory
Semantic memory is our accumulated knowledge of basic meanings and facts. Information in semantic memory is assumed to be organized in a hierarchical, taxonomic structure in adults (Medin, Ross, & Markman, 2005) . For example, the words "shirt" and "clothing" represent different levels of taxonomic categorization, labeled basic and superordinate, respectively. Children grasp basic-level groupings (different kinds of shirts) developmentally earlier than superordinate-level groupings (different kinds of clothing), perhaps because members of basic-level categories are structurally more similar (Rosch, Mervis, Gray, et al., 1976 ; but see Mandler, Bauer, & McDonough, 1991) .
Development of children's appreciation of taxonomic structure is not unequivocally established. Some researchers (e.g., Nelson, 1996) propose that children classify initially on the basis of functional or thematic script-based relations (e.g., dress-girl), followed by classifying on the basis of taxonomic relations (e.g., dress-clothing). A developmental shift from thematic to taxonomic modes of classification has been observed in a variety of tasks (Fivush, 1989; Lucariello, Kyratzis, & Nelson, 1992; Nelson, 1996) . In contrast to this viewpoint, other researchers (Blewitt & Toppino, 1991; Pena, Bedore, & Zlatic-Giunta, 2002; Waxman & Namy, 1997) propose that children adjust their modes of classification depending on the task, stimuli, context, and/or instructions, and that neither the thematic nor taxonomic mode is preferred. Despite differing schools of thought, it seems that classifying on the basis of taxonomic relations becomes increasingly sophisticated and prevalent across tasks as age increases up to the preteen years (for discussion, see Bjorklund, 2005) .
Typicality Effect
A popular approach to the structure of category knowledge in semantic memory is prototype theory (Medin, Ross, & Markman, 2005) . This theory proposes that organization is based on the properties characterizing many, but not all, members (e.g., wings and flies for birds). A category's characteristic properties are distributed unevenly among members, and members with a higher number of characteristic properties are viewed as more (proto)typical. Both children and adults exhibit preferential processing (e.g., faster reaction times and fewer errors) for typical, relative to atypical, members of a category on a variety of tasks, termed the typicality effect (Medin, Ross, & Markman, 2005) . In children, for example, typical items are classified as members of a category developmentally earlier than atypical items (Mervis, 1987; Whitney & Kunen, 1980) . Developmental changes in category membership may be observed up to the preteen years and may reflect children's increasing 1) specification of the properties characterizing a category; 2) appreciation of the statistical regularities of, and intercorrelations among, properties; and 3) realization that some properties are more important to membership than others (Duncan & Kellas, 1978; Keller, 1982; Schwanenflugel, Guth, & Bjorklund, 1986; Younger & Mekos, 1992) .
Relatedness Effect
In addition to assuming that the distribution of a category's characteristic properties varies among members, it is also assumed that a category's properties are not exclusive; they are shared with other categories (e.g., wings and flying are properties of both birds and bats). Shared properties between categories can create fuzzy category boundaries, which influence performance for a variety of tasks in children and adults. For example, performance in adults (and results recently found in children) in a category-verification task (e.g., vote "yes" if the item is a bird) is slower and less accurate for out-ofcategory items that share some properties with category items (e.g., bat); this is termed the relatedness effect (Jerger & Damian, 2005; Medin, Ross, & Markman, 2005) . Classification performance in children is less consistent, however, and a few children may show either more limited (including typical objects only) or broader (including typical, atypical, and related out-of-category items) category membership (Jerger & Damian, 2005 ).
Children's Category-Verification Task
Recently, Jerger and Damian (2005) investigated children's understanding of an artifactual, structurally dissimilar category: clothing. They selected the clothing category for their initial research because it comprises developmentally early words across many cultures (Bloom, 2000) . Jerger and Damian (2005) reported a children's speeded category-verification task (push the "yes" button if the pictured object is clothing and the "no" button if it is not clothing) to assess two well-studied phenomena affecting the EAR & HEARING, VOL. 27 NO. 6 687 speed and accuracy of lexical-semantic processing in adults: typicality and relatedness effects. Stimuli were typical and atypical category objects (e.g., pants and glove) and related and unrelated out-ofcategory objects (e.g., necklace and soup). In contrast to offline approaches commonly used in child studies (e.g., category generation), the speeded verification task assesses automatic components of semantic organization (online), as well as requiring some metaknowledge (offline). Some researchers propose that online tasks have the potential to offer stronger evidence about the true status of semantic knowledge (Moss & Tyler, 1995; Nation & Snowling, 1999) . Online procedures do not require voluntary, explicit retrieval of information, as traditional offline tasks do, which reduces their susceptibility to developmental differences in higher-level conscious processes. Performance in children with normal hearing (NH) on the speeded category-verification task showed both typicality and relatedness effects. The goal of the current research was to analyze performance on the speeded category-verification task in children with HI to determine how variation in auditory input during early childhood affects organization of categorical knowledge in semantic memory. Below, we present a model of our task and the possible effects of childhood HI on performance.
Model of Category-Verification Task and Possible Effects of Childhood HI
Categorization of a pictured object is a complex task involving multiple cognitive-linguistic processes. Categorization is assumed to involve 1) stimulus encoding, 2) activation of conceptual representation, 3) activation of a set of meaning-related lexical representations, 4) information processing and selection of the correct lexical alternative, 5) generation of a clothing/not clothing decision after attaining the criterial amount of information, and 6) responding. Figure 1 simplifies these stages into three components based on representation (stages 2 and 3), process (stage 4), and decision (stage 5). The model assumes that visual and auditory inputs are connected to a common, or amodal, semantic system (Smith & Medin, 1981; Tulving, 1972) . We acknowledge that other possibilities are offered, such as models proposing modality-specific representations (Barsalou, Simmons, Barbey, et al., 2003) . Despite varying models, however, findings in children (McGregor, Friedman, Reilly, et al., 2002) have shown similar semantic knowledge for visual and auditory stimuli, suggesting that, at least in children, visual and auditory inputs converge on commonalities in the semantic system. Thus, any problems in establishing conceptual representations because of reduced auditory input in the current participants with HI should be revealed in the speeded category-verification task.
With regard to representation, auditory input is assumed to play a disproportionately important role in building this component, as noted previously. Learning words via an impaired auditory channel may lessen the richness of semantic representations, perhaps by 1) decreasing overhearing and inference from contexts and 2) increasing intentional, explicit instruction (Moeller, 1988; Moeller, Watkins, & Schow, 1996; Yoshinaga-Itano & Downey, 1986) . Word learning in children with NH is largely implicit, incidentally attained from life experiences. Children with HI, however, are less able to learn words from incidental day-to-day input (Seyfried & Kricos, 1996) . Young children with HI also do not appear to ask questions or request information as often as young, NH children do (Moeller, Watkins, & Schow, 1996; Nicholas, 2000) . Thus, word learning in children with HI is based to a greater extent on intentional, explicit instruction. Learning words explicitly, however, may alter what is learned, even in individuals with NH (Chin-Parker & Ross, 2004; Reber, Gitelman, Parrish, et al., 2003) . Further, children with HI seem less able to learn from some types 
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EAR & HEARING / DECEMBER 2006 of structured input, for instance, novel-word learning paradigms (Stelmachowicz, Pittman, Hoover, et al., 2004) . Some experts note that children with HI may absorb mainly stereotypical and/or isolated word meanings, resulting in reduced lexical flexibility, distortions, or gaps in the conceptual network (Yoshinaga-Itano & Downey, 1986) .
In agreement with the role of auditory experience is the proposal that language plays a fundamental role in the development of conceptual representations (Gentner & Medina, 1998; Neisser, 1989) . Language is thought to encourage children to compare objects and situations in ways that aid discovery of deeper, more abstract commonalities. Good language skills promote development of more advanced representational knowledge. Several studies offer evidence about vocabulary and categorical or world knowledge in children with HI. Findings have shown that vocabulary inventories in children with HI may be either reduced or age appropriate (Gilbertson & Kamhi, 1995; Seyfried & Kricos, 1996; Yoshinaga-Itano, 1994) . As a general rule, however, vocabulary growth is usually significantly slowed and may even plateau prematurely (Briscoe, Bishop, & Norbury, 2001; Carney & Moeller, 1998; Davis, 1974; Davis, Elfenbein, Schum, et al., 1986; Moeller, 2000; Moeller, Osberger, & Eccarius, 1986; Pittman, Lewis, Hoover, et al., 2005) . Words may have less breadth of meaning, and conceptual knowledge may be underdeveloped (Moeller, 1988; Yoshinaga-Itano & Downey, 1986) . Word learning also seems a dynamic process, with representations changing from fragile and harder-to-access/retrieve to robust and easier-to-access/retrieve as words become better learned (McGregor, Friedman, Reilly, et al., 2002) . Thus, to the extent that children with HI typically have reduced language experiences and at least some significant delay or disorder in verbal function, the quality of semantic representations may be reduced further by diminished language abilities.
Finally, in addition to the impact of auditory and language factors, the process component in Figure 1 may affect the quality of representations. More specifically, effortful processing of degraded auditory speech through impaired ears may use up processing resources typically employed to represent knowledge in semantic memory (for similar reasoning in different research arenas, see Rabbitt, 1968; Werker & Fennell, 2004; and Wingfield, Tun, & McCoy, 2005) . The idea is that all individuals have limited processing resources and that overspending on one task leaves less resources available for other tasks. Thus, the extra effort of perception in children with HI may limit the availability of processing resources important for learning and constructing higher-order cognitive functions. This, in turn, may lessen the quality of semantic representations.
In short, reduced auditory and language experiences and effortful speech perception may lessen the quality of semantic representations. A consequence of reduced quality of semantic representation may be a reduced state of accessibility or retrievability of represented knowledge (Salthouse, 1985) . Jerger et al.'s (2002) research supports the reality of this possibility, revealing a prolonged period of lexical access in some children with HI. Their research applied a cross-modal picture-word naming task, requiring children to attend to a picture (e.g., pants) and attempt to ignore an auditory distractor with categorically related semantic content (e.g., shirt). Children with HI showed pronounced interference effects, indicating that they appreciated the semantic link between picture-word pairs. However, interference effects in some children occurred over an abnormally broad time window, signaling prolonged or slowed lexical retrieval. This pattern of results suggests that error rates and classification times on the current category-verification task may diverge. A reduced quality of semantic representations may slow performance but still be sufficient for correct classifications. We hypothesize that a reduced quality of representation and state of accessibility or retrievability in children with HI will produce slower classification times and/or more errors, commensurate with degree of hearing loss.
Regarding the process component in Figure 1 , children with HI may have more difficulty selecting and attending to relevant properties and inhibiting other properties of objects because they have less adept or mature cognitive and language skills. Also, effortful speech perception may require more than the usual processing resources, rendering fewer processes available for carrying out other task demands. We hypothesize that reduced processing resources in children with HI will primarily produce slower classification times, again commensurate with degree of hearing loss.
Finally, regarding the decision component, conditions with increased difficulty provide more opportunity for strategic options (Salthouse, 1985) . Previous results on the speeded category-verification task in children with NH (Jerger & Damian, 2005) indicated that negative responses, particularly for classifying unrelated out-of-category objects (weak-negative condition), had increased difficulty (slower classification times, greater error rate). This observation suggests that negative classification times may be impacted by children's age of identification/ amplification/education (ID/amp/ed). We propose that one effect of schooling is that students become better at forming more effective decision criteria in more effortful situations. For example, children with lesser amounts of education may prefer an "I don't know" response for at least some trials. Because that response is not an alternative, the children will have to engage in another decision process, slowing classification times. Another possibility is that children with less education may question their first decision on some trials and start over, engaging in a second decision (for similar reasoning in another research area, see Ratcliff, Spieler, & McKoon, 2000) . We hypothesize that inefficient decision strategies in children with HI will primarily produce slower classification times, commensurate with age of ID/ amp/ed. To the extent that educational programs teach children with HI not only what a concept is but what it is not (Yoshinaga-Itano & Downey, 1986) , classification times and error rates will improve as a function of time in education, particularly for more difficult negative responses. Finally, classification times and error rates may improve as a function of age of ID/amp/ed because of time with amplification. Earlier-identified children have more cumulative auditory experience, which may support earlier maturation of cognitive-linguistic strategies and knowledge.
Overall, our model and results in the literature suggest that the quality of semantic representations, information-processing resources, and/or decision strategies may impact classification performance on the speeded category-verification task. This evidence can be integrated with other data, particularly data regarding the structure of semantic memory, to predict specific patterns of results surrounding four research questions.
Research Questions and Predicted Results in Children with Hearing Loss

Do variations in typicality and relatedness
influence correct classifications by children with HI? 2. Do correct classifications by children with HI reflect taxonomic, rather than thematic, relations? 3. Do age and age-related competencies predict classification performance in children with HI? 4. Do variations in audiological characteristics predict classification performance in children with HI? Regarding the typicality effect, to the extent that the structure of conceptual representations in semantic memory in children with HI is based on properties and organized around typical category members with a higher number of characteristic properties, we should find faster reaction times for typical than for atypical objects, producing the normal typicality effect. There should be few errors overall, with slightly more errors for atypical objects. If, on the other hand, conceptual representations in children with HI are less property based and/or inappropriately narrow, including only typical items (e.g., shirt), we should see dramatically higher error rates for atypical objects.
Regarding the relatedness effect, to the extent that representational knowledge in children with HI allows them to appreciate that semantic properties may be shared between categories, we should find faster reaction times for unrelated than related out-of-category objects, producing the normal relatedness effect. Overall, there should be few errors, with slightly more for related out-of-category objects. If representational knowledge is overly simplified, distorted, or missing semantic properties, we should find more diverse category membership. For example, clothing might be simplified/distorted to be anything worn on the body, including necklaces and rings. From this viewpoint, error rates should be markedly higher for related out-of-category objects.
Regarding mode of classification, to the extent that representational knowledge is structured in terms of taxonomic relations (pants-dress) and that children with HI spontaneously use taxonomic relations, we should find low group-error rates overall. Alternatively, if children with HI are taught words explicitly mostly through script-based instructional approaches (pants-boy) (Giolas, Tye-Murray, & Karp, 1996) , we may find thematic, script-based classifications rather than taxonomic ones. This suggests that variations in performance may be impacted by children's age of ID/amp/ed, or length of time in education and wearing amplification. Thematic classifications might also result if children with HI learn about objects disproportionately through visual context. If classifications are dominated by visual contextual relations, individual children should respond with a variety of script-based relations (e.g., "things I see in my closet"). This should produce idiosyncratic and unprincipled errors, with large group-error rates for category objects and related out-of-category objects.
Regarding age, to the extent that children with HI gain linguistic and cognitive competencies with increasing age, classification performance should improve with age. Age-related improvement might be related to increasing, and more robust, conceptual knowledge, particularly regarding the properties characterizing clothing and their relative importance (Duncan & Kellas, 1978; Keller, 1982; Schwanenflugel, Guth, & Bjorkland, 1986; Younger & Mekos, 1992) . Age-related improvement might also be related to increased processing proficiency in selective attention and inhibition (Bjorklund, 2005 and attending to relevant properties and inhibiting other properties. From these viewpoints, error rates should be lower, and reaction times faster, with increasing age for all conditions. Finally, regarding the influence of audiological characteristics on performance, the evidence reviewed above suggests that the quality of conceptual representations in children with HI may be reduced depending on the degree of hearing loss. Fewer processing resources may also be available because of effortful speech perception, which is again dependent on the degree of hearing loss. This evidence predicts slower classification performance and/or more errors as the degree of hearing loss increases. Children with HI may also have less efficient decision strategies, particularly for difficult tasks, contingent on their time in education and wearing amplification. This evidence predicts slower classification times and more errors, particularly for more difficult negative responses, as age of ID/amp/ed increases. Results of this research should increase understanding of how early variation in auditory sensory input impacts organization of categorical knowledge in semantic memory.
METHOD Participants and Demographics
General • Participants were 16 boys and 14 girls between 5 and 15 yr (mean ϭ 10 yr 8 mo) with childhood hearing loss. For some analyses, we formed three age subgroups consisting of 10 younger (ages between 5 yr 4 mo and 9 yr 2 mo; mean ϭ 7 yr 10 mo), 10 intermediate (ages between 9 yr 7 mo and 11 yr 6 mo; mean ϭ 10 yr 8 mo), and 10 older children (ages between 11 yr 8 mo and 15 yr 5 mo; mean ϭ 13 yr 8 mo). Children were recruited from cooperating educational programs. The racial/ethnic distribution was 87% Caucasian and 13% AfricanAmerican; of these, 13% were of Hispanic ethnicity. The criteria for participation were English as a native language and no diagnosed or suspected disabilities, excluding the speech and language problems that accompany childhood HI. For this initial project, all participants were considered successful hearing aid users and attended regular classes (mainstreamed), with support from speechlanguage therapists and special education teachers. Participants had been enrolled in education programs for children with HI at younger ages. Participants were tested while wearing their hearing aids. A technician routinely inserted new batteries into the aids and assured that they were functioning properly before testing. All of the children passed measures establishing normalcy of visual acuity (including corrected to normal), gross neurodevelopmental status, and visual-motor integration skills. The average Hollingshead Social Strata Score (1.6) was consistent with a major business and professional socioeconomic status. Unaided hearing sensitivity for the entire group, summarized by the puretone average at 500, 1000, and 2000 Hz, was 51 dB HL (American National Standards Institute, 2004) for the better ear and 61 dB HL for the poorer ear. Unaided hearing sensitivity at 4000 Hz averaged 58 dB HL for the better ear and 70 dB HL for the poorer ear. The aided speech-detection threshold averaged 14 dB HL, and aided word recognition averaged 90%. Average receptive vocabulary skill was at the 31st percentile, and visual perceptual ability was at the 66th percentile. Table 1 details demographic measures. As discussed subsequently, data analyses used a regression approach, which copes with, and even benefits from, a range in demographic characteristics.
Experimental results were related to previously reported data in 120 children with NH, 67 girls and 53 boys from 4 to 14 yr, and 12 NH adults, five females and seven males, from 20 to 27 yr (Jerger & Damian, 2005) . The racial distribution in the normative sample was 86% Caucasian, 8% AfricanAmerican, and 6% Asian; 5% of the total sample were of Hispanic ethnicity. Average receptive vocabulary skill at annual age intervals between 4 and 14 yr ranged from 74th to 85th percentile. Average visual perceptual skill at the annual age intervals ranged from 68th to 76th percentile. Demographic materials, instrumentation, and procedure • Hearing sensitivity was assessed with a standard pure-tone audiometer. Word recognition was assessed with the Word Intelligibility by Picture Identification test (Ross & Lerman, 1971) . The test items were digitally recorded by a male talker with general American dialect and played back via a speech audiometer and loudspeaker. The digital sampling rate was 22 kHz with 16-bit amplitude resolution. The output intensity levels of the stimuli were adjusted to equivalent peak intensities. Visual acuity was screened with the Rader Near Point Vision Test (Rader, 1977) ; all children achieved at least 20/25 Snellen acuity. Visual-motor skills were screened with the Developmental Test of Visual Motor Integration (Beery, 1989) ; all children performed at or above the 20th percentile. Gross neurodevelopmental deficits were ruled out with the Denver Prescreening Developmental Questionnaire (Frankenburg, Doorninck, Liddell, et al., 1976) in younger participants and with the medical and educational histories in older participants with NH and in all participants with HI. Socioeconomic status was estimated with the Hollingshead four-factor index (Hollingshead, 1975) . Vocabulary skill was estimated with the Peabody Picture Vocabulary Test III (Dunn & Dunn, 1997) . Visual perception was assessed with the Southern California FigureGround Visual Perception Test (Ayres, 1978) in children 8 yr of age or younger and with the Block Design subtest of the Wechsler Intelligence Scale for Children, Revised (Wechsler, 1974) in children 9 to 15 yr. The battery of demographic measures was administered in random order; standardized measures were scored according to recommended techniques.
Materials and Instrumentation
Test items • Development of test items is detailed in Jerger and Damian (2005) . In brief, materials were colored pictures of clothing and nonclothing items from children's vocabularies. Clothing pictures represented a range of goodness-of-example ratings (Rosch, 1975) ; nonclothing items represented objects that were related and unrelated to clothing. The written names of the pictures were shown to college undergraduates, who rated how good an example of clothing each item was on a scale from 0 (not clothing) to 10 (very good example). Adult ratings have been shown to be suitable for testing children (Maridaki-Kassotaki, 1997; Southgate & Meints, 2000) . We formed four subsets of six items each (Table 2 ) based on naturally occurring discontinuities in ratings. Two subsets represented negative examples of nonclothing that differed in their degree-of-relatedness to clothing ratings, termed strong negative and weak negative. Two subsets represented positive examples of clothing that differed in their typicality or goodness-of-example ratings, termed weak positive and strong positive. The ratings averaged 0.03 for strong negative, 3.01 for weak negative, 6.90 for weak positive, and 9.83 for strong positive. To reiterate, the difference in response times or errors between the strong-positive and weak-positive subsets indexes the typicality effect; the difference between the strong-negative and weak-negative subsets indexes the relatedness effect. Items of all subsets are of high familiarity, early age of acquisition, and high imageability (Iyer, Saccuman, Bates, et al., 2001; Morrison, Chappell, & Ellis, 1997; Snodgrass & Vanderwart, 1980; Stadthagen-Gonzales & Davis, in press ). Thus, any performance differences between subsets should not reflect differences in linguistic statistics. Instrumentation • The colored pictures, edited to minimize shared visual features among category items (Snodgrass & McCullough, 1986) , were presented via a computer monitor, mounted on an adjustable-height table directly in front of the participant at a distance of approximately 90 cm. The primary dependent measure, reaction time (defined with 1-msec resolution), was quantified by the time between the onset of a picture and the execution of a motor response. Two response (telegraph) keys (GC Electronics, J4-820) were mounted on a board, separated by a distance of 12 cm. A picture defining the correct response was mounted above each response button. A "happy" face defined the button to be pushed if the picture was clothing; a "sad" face defined the button to be pushed if the picture was not clothing. Blue circles 2.5 cm below each response key designated the "start" positions that each hand assumed before a trial.
Procedure
Participants were seated at a child-or adult-sized table, and the computer monitor was adjusted to eye level. A tester sat beside each child participant, 
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keeping him or her focused on the task and assuring that the child's hands were on the start positions before each trial. When the participant was judged ready, another tester at the computer console, out of sight of the participant, initiated the trial by pushing the space bar. Individual pictures were presented randomly within one unblocked condition, with the constraint that pictures from a specific item subset were limited to no more than two in succession before rotating. Participants were instructed to push the happy face button if the picture was clothing and the sad face button if the picture was not clothing, as quickly and as accurately as possible, using a whole-hand response. The right-versus left sidedness of happy and sad faces was counterbalanced across participants. The right and left response buttons were pushed by the right and left hands, respectively. Before the experimental category-verification procedure, a simple visual reaction time test and practice trials were administered. The purpose of the simple reaction time task was to quantify a participant's ability to detect and respond to visual input. The target was always a picture of a ball presented on the computer screen. Only one response button was labeled as the predetermined correct response. The right-versus leftside assignment was counterbalanced across participants, who placed the hand corresponding to the assigned response button on the start position before each trial. They pushed the response key as quickly as possible when they detected the picture, again using a whole-hand response. Performance was defined by the average of 12 trials, after excluding outlier trials. For the practice trials, participants classified randomly presented individual pictures of pets and not pets. The positive targets were cat/dog (strong positive) and parrot/fish (weak positive); the negative targets were lion/squirrel (weak negative) and lipstick/peanuts (strong negative). All participants performed this task without difficulty.
Data analysis • Overall, 15.5% of reaction times were missing, 2.5% because of flawed trials (e.g., hand not on start position before response) and 13% because of errors of classification. Flawed trials characterized all item subsets, but errors were observed only for weak-negative and weak-positive subsets (Table 3) . Average reaction times for each item subset were obtained in all participants except for one child who misclassified all weak-negative items and one who misclassified all weak-positive items. Primary dependent measures for individuals were mean reaction times for correct trials and number of errors as a function of item subset. Reaction times and error rates were analyzed by multiple regression techniques, including analysis of variance by regression (Pedhazur, 1982) . The missing reaction times in two children were replaced by values predicted by the regression equation. Additional postliminary analyses assessed reaction times and error rates in relation to previously obtained normative data (Jerger & Damian, 2005) . Error rates were also analyzed by distribution-free techniques, specifically, a Friedman test for item subsets and a Wilcoxon paired signed rank test for post hoc pairwise comparisons (Siegel & Castellan, 1988) . Outcomes for parametric and distributionfree analyses were comparable; the latter results are not reported. The relation between individual variability in performance and demographic measures was also assessed with multiple regression analysis. Our initial step was to form a set of demographic variables without significant multicollinearity with principal-component analysis (Pett, Lackey, & Sullivan, 2003) . The process of extracting components was repeated with effects of preceding components removed until the associated eigenvalue was less than 1. Interested readers are referred to Appendix B for results of the analysis. The analysis identified three significant principal components. The first component represented receptive vocabulary, age, and visual perception; the second compo- Again, a regression approach copes with, and even benefits from, a range in demographic characteristics. The family-wise alpha level was controlled by the Bonferroni-Holm stepdown procedure (Holm, 1979) . The appropriateness of analysis of variance by regression for dichotomous variables (correct versus incorrect) has been established previously (Edwards, 1985) .
RESULTS
Reaction Times
Visual simple reaction time • Visual simple reaction time decreased significantly with increasing age (F (1,29) ϭ 28.32, p Ͻ 0.0001). Predicted results from the regression equation were 725 msec at 5 yr 0 mo and 425 msec at 15 yr 0 mo. The decrease was approximately -2.5 msec/mo, with age predicting about 50% of the variability in reaction times. Similar age-linked changes in reaction time have been reported for decades (Goodenough, 1935; Jerger, Martin, & Pirozzolo, 1988) . To control for developmental differences in detecting and responding to stimuli and to render effects attributable to information processing clearer, we subtracted each participant's simple reaction time from all of his or her experimental choice reaction-time measures (Donders, 1969; Montgomery, Scudder, & Moore, 1990) .
Category verification adjusted reaction times
• Figure 2 shows adjusted reaction times as a function of item subset. The top panels show results in Figure 2 show results for the entire HI group (mean ϭ 10 yr 8 mo) superimposed on normative data for children between 4 and 14 yr and 20-yr-old adults (Jerger & Damian, 2005) . To assess any differences between HI and normative groups, classification times were compared statistically. Overall classification times differed significantly among the groups (F (6,155) ϭ 17.03, p Ͻ 0.0001). Pairwise comparisons based on Bonferroni-Holm adjusted p values (hereafter termed adjusted p values) indicated that classification times in the HI group were significantly faster than those in the 4-and 5-yr-old groups and slower than those in the 20-yr-old group. All other pairwise comparisons between HI and normative groups were statistically equivalent. Classification times for positive versus negative item subsets differed significantly in all groups (F (1,155) ϭ 125.64, p Ͻ 0.0001), with no type-of-response ϫ group interaction. Times for weak versus strong item subsets also differed significantly in all groups (F (1,155) ϭ 177.79, p Ͻ 0.0001), with no type-of-item ϫ group interaction. The difference between strong and weak classification times was significantly greater for negative than positive responses in all groups, with a significant typeof-item ϫ type-of-response interaction (F (1,155) ϭ 4.64, p ϭ 0.0328) and no group ϫ type-of-item ϫ type-of-response interaction.
To analyze the interaction showing a greater difference between weak and strong classification times for negative versus positive responses, we obtained slope coefficients for weak-and strongnegative and weak-and strong-positive item subsets and standard errors of estimate. Coefficients index the changes in reaction time for each unit change in goodness-of-example rating. Although unit changes in ordinal ratings may not be exactly the same, it is equally unlikely that they are very different. Nonetheless, we acknowledge that comparing negative and positive slopes may have some specificities unique to our items. Obtained coefficients were compared statistically with the normative data (Jerger & Damian, 2005) . Slope coefficients for positive versus negative item subsets differed significantly (F (1,155) ϭ 108.66, p Ͻ 0.0001), with no type-of-response ϫ group interaction. Slope coefficients for negative responses averaged 131 msec in the HI group and 125 msec in the normative groups, with standard errors of 39.03 and 14.89 msec, respectively. Slope coefficients for positive responses averaged Ϫ68 msec in the HI group and Ϫ100 msec in the normative groups, with standard errors of 20.85 and 12.59 msec respectively.
Classification times on a speeded category-verification task in children with HI showed withincategory typicality effects and between-category relatedness effects. Results in the HI and normative groups exhibited striking similarity. Table 3 summarizes mean errors/participant and percent total error for all trials as a function of item subset for the age subgroups and the total group of children with HI, along with normative data (Jerger & Damian, 2005) . Median error rates for the entire HI group were 1 for the weak-negative item subset and 0 for all other item subsets. To assess differences in errors in the HI subgroups attributable to typicality and relatedness, statistical analysis included one between-factor (age subgroup) and two within-factors (type of response, negative versus positive; and type of item, strong versus weak). Results indicated that overall error rates did not differ significantly among age subgroups (F Ͻ 1). As seen in Table 3 , the average percent error rate in the total group was 13%. Errors in all subgroups were significantly greater for weak than strong item subsets (F (1,27) ϭ 75.82, p Ͻ 0.0001). The difference between weak and strong errors in the total group was 2.0 for negative responses and 1.20 for positive responses. The weak versus strong difference in errors seemed larger for negative than positive responses, but neither the type-of-response factor nor the interaction between type of item and type of response achieved statistical significance.
Error Rates
Category-verification errors •
Error rates in the total group were analyzed statistically along with the normative data. This analysis with increased statistical power showed significantly greater overall error rates for negative than positive responses in all groups (F (1,155) ϭ 10.17, p ϭ 0.0017), with no type-of-response ϫ group interaction. Errors were significantly greater for weak than strong item subsets in all groups (F (1,155) ϭ 279.32, p Ͻ 0.0001). The magnitude of the overall difference between weak versus strong errors varied significantly among groups, with a significant type-of-item ϫ group interaction (F (6,155) ϭ 4.74, p ϭ 0.0002). Pairwise comparisons based on adjusted p values indicated that the overall difference between weak versus strong errors was significantly larger in the HI group than in the 20-yr-old group. No other pairwise comparisons achieved statistical significance. Finally, in this analysis, the larger difference between weak and strong errors for negative than positive responses achieved significance in all groups, with a significant type-ofitem ϫ type-of-response interaction (F (1,155) ϭ 9.74, p ϭ 0.0021) and no type-of-item ϫ type-of-response ϫ group interaction. We should again caution, however, that ordinal ratings may make error rates more itemand rating-specific and, thus, lessen the generalizability of relative errors for negative versus positive responses.
In sum, errors on a speeded category-verification task in children with HI showed within-category typicality effects and between-category relatedness effects. Overall analyses indicated a striking similarity between results in HI and normative groups.
Relation between Individual Variability in Performance and Demographic Measures
Individual variability in classification performance was assessed with multiple regression analyses. The criterion variables were average adjusted classification times for positive and negative responses; the predictor variables were the composite age-related measure, average degree of hearing loss, and age at ID/amp/ed of the loss. Errors which were few, were not considered. Principal-component analysis indicated that the three predictor variables represented orthogonal components (Pett, Lackey, & Sullivan., 2003) . Table 4 details the associations between classification performance and predictor variables. Squared multiple correlation coefficients (R 2 ) indicated that all demographic variables considered simultaneously predicted approximately 35% of the variability in classification times.
Squared semipartial correlations (r 2 ) for individual measures, or the variance accounted for by a predictor variable after controlling for the other variables, indicated that the age-related and hearing loss variables made significant, unique contributions to predicting positive classification times. Agerelated factors accounted for 22% of the variability in positive responses, with degree of hearing loss To loosely illuminate the nature of predicted change in positive and negative response times with a unit change in standard scores, we estimated values representing Ϯ1 standard score. Mean values representing a standard score of zero are given in the Participants and Demographics section. For the age-related component variable, Ϯ 1 standard score roughly represented ages from 8 to 13 yr, receptive vocabulary skill from the 5th to 60th percentile, and visual perceptual skill from the 40th to 95th percentile. These data should be translated cautiously, however, because a derived component standard score for an individual may represent a mix of uneven values. For the audiological variables, Ϯ1 standard score represented degrees of hearing loss from roughly 35 to 70 dB HL and ages of ID/amp/ed from approximately 2.25 to 5.25 yr. As often happens, audiological effects were not readily visualized in graphed data of unresidualized single variables.
In short, classification performance in children with HI was significantly associated with age and age-related competencies, which agrees with the pattern of results in children with NH (Jerger & Damian, 2005) . Reaction times for both types of responses became faster with increasing age, vocabulary skill, and visual perceptual ability. Audiological variables independently influenced performance to a lesser extent, with positive response times becoming faster as degree of hearing loss decreased, and negative responses becoming faster as age of ID/amp/ed decreased.
DISCUSSION Typicality Effect
Performance by children with HI on a categoryverification task was significantly influenced by within-category typicality. Compared with atypical objects, typical objects of the category exhibited preferential processing (faster reaction times and fewer errors). The pattern of results agrees with previous findings in children and adults with NH on an array of tasks (Baddeley, Lewis, Eldridge, et al., 1984; Bauer, Dow, & Hertsgaard, 1995; Duncan & Kellas, 1978; Ellis & Nelson, 1999; Jerger & Damian, 2005; Schaeffer & Wallace, 1969) . Apparently, the structure of conceptual representations in children with HI, as in children and adults with NH, is based on characteristic properties with an uneven distribution among members; typical objects with a higher frequency of characteristic properties are more easily accessed and/or retrieved (Kail & Nippold, 1984; Rosch, 1973) .
Relatedness Effect
Consistent with the strong typicality effect, children with HI also demonstrated a significant betweencategory related effect. Strong out-of-category objects exhibited preferential processing (faster reaction times and fewer errors) compared with related out-ofcategory objects. Faster reaction times indicated that unrelated out-of-category objects are recognized as not clothing more rapidly than related out-of-category objects that share some properties with category members. This outcome is consistent with previous findings in children and adults with NH (Baddeley, 
Taxonomic versus Thematic Modes of Classification
The average overall error rate was low, 13%. Stated in positive terms, children with HI were getting, on average, six of six items correct (100%) for strong subsets, both negative and positive, and 4.0 to 4.8 of six items correct (67% to 80%) for weak-negative and weak-positive subsets. Previously, we reasoned that responding on the basis of idiosyncratic script-based relations would yield a large group-error rate. Low error rates are more consistent with a taxonomic mode of classification. Our results suggest that representational knowledge is structured in terms of taxonomic relations and that children with HI spontaneously use taxonomic classification. Our results are consistent with normative findings (Jerger & Damian, 2005) .
We acknowledge that the above pattern of results may also reflect our procedure's emphasis on a word label (vote "yes" if object is clothing). Markman (1990) reported that young children with NH chose taxonomic over thematic alternatives on a pictureselection task when they were given a word label ("See this 'dax'? Can you find another 'dax'"). Markman (1990) suggested that word labels promote a taxonomic mode of classification because children assume that words refer to groups of objects with common properties. Other investigators also emphasized that labels may be critical determinants of a child's mode of classification along with other task and participant characteristics (Deá k & Bauer, 1995 , 1996 . Thus, our procedure's used of word labels may have encouraged taxonomic classification by children. That said, the children performed with reasonable success, and overall findings endorse the idea that children with HI can readily employ a taxonomic mode of classification in a category-verification task, at least for a developmentally early category. Further research is needed to explore this issue.
Relationship between Classification Performance and Demographic Measures
Classification performance in children with HI was significantly associated with age and age-related competencies, which is consistent with the pattern of results in children with NH (Jerger & Damian, 2005) . Reaction times for both positive and negative responses became faster with increasing age, vocabulary skill, and visual perceptual ability.
Age-related advances in relevant competencies might involve increasing conceptual knowledge, particularly regarding the properties characterizing clothing and their relative importance (Duncan & Kellas, 1978; Keller, 1982; Schwanenflugel, Guth, & Bjorklund, 1986; Younger & Mekos, 1992) , and increasing proficiency in selective attention and inhibition (Bjorklund, 2005) , particularly the ability to select and attend to relevant properties and ignore other properties. This initial research focused on participants who were considered successful hearing aid users and who attended regular classes (mainstreamed), with some support services. Nonetheless, audiological variables independently influenced performance, although to a lesser extent than increasing age, vocabulary skill, and visual perceptual ability. Positive response times became significantly faster as degree of hearing loss decreased, and negative responses becoming faster as age of ID/ amp/ed decreased. There were few errors, which were not analyzed.
One question is why degree of hearing loss significantly influenced, at least to a small extent, positive classification times. We suggest that children with less hearing loss (which implies less impaired ears and higher-quality auditory input) had richer, more robust conceptual representations that were more easily accessed and/or retrieved. Perceiving less degraded speech would also require less effort, rendering more processing resources available for learning and constructing higher-order cognitive functions. Thus, children with less hearing loss might also have more advanced selective attentive abilities, allowing them to select and attend to relevant properties and inhibit other properties of objects more readily. This research did not address theories of semantic knowledge. Nonetheless, a significant effect of the degree of hearing loss on speeded category verification of visual objects lends at least some support to models speculating common or amodal conceptual representations.
Another question is why negative responses became faster, at least to a small extent, as age of ID/amp/ed decreased, implying an effect of a greater length of time wearing amplification and in educational programs for children of the same age. We speculate that children must develop decision criteria to maximize effective responding and that children with more education and more auditory experience have more efficient decision-making strategies for difficult conditions. Children with more auditory experience and education may also have more enhanced cognitivelinguistic strategies and knowledge. As noted previously, negative decisions are more difficult than positive decisions, with more opportunity for strategic options (Salthouse, 1985) . Negative response times,
698
EAR & HEARING / DECEMBER 2006 particularly for related out-of-category objects, are significantly longer than positive response times in children, both NH and HI (Jerger & Damian, 2005) . As an illustration, consider deciding whether a glove or necklace is clothing. A first step in the decision process might compare the properties of a glove or necklace versus those of clothing. Results would indicate a high correspondence between the properties of glove and clothing (e.g., worn on body, made of cloth), and one could respond "yes" more quickly and with less effort.
Results would indicate correspondence and noncorrespondence, however, between the properties of necklace and clothing (e.g., worn on body, made of gems/ metal versus made of cloth), and one's decision would require greater thought, time, and effort. We propose that an effect of schooling and auditory experience is the development of more effective decision criteria for more effortful situations. Children with more education and auditory experience may also have a superior understanding of how different categories are organized with respect to each other. In short, we are speculating that classification times depend on quality of information and postretrieval decision processes and that positive and negative responses vary in their dependence on these components of performance. Positive classification times seem to be associated with degree of hearing loss because they are more contingent on the quality, accessibility, and retrievability of conceptual representations, and negative classification times seem to be associated with age of ID/amp/ed because they are more contingent on postretrieval decision processes. Further research will examine these speculations and evaluate different degrees of success with amplification and a variety of categories and concepts.
CONCLUSIONS
This research offers new information about how early variation in auditory input may impact organization of categorical knowledge in semantic memory. Results established the importance of typicality and relatedness in categorization by children with HI. Performance was remarkably similar in children with NH and HI, with age and age-related competencies such as vocabulary skill primarily determining overall classification times. Audiological variables independently influenced performance to a lesser extent, with positive response times becoming faster as degree of hearing loss decreased and negative responses becoming faster as age of ID/amp/ed decreased. Speculations linked 1) an association between positive responses and degree of hearing loss to an increase in the quality, accessibility, and retrievability of conceptual representations with better hearing and 2) an association between negative responses and age of ID/amp/ed to an improvement in effortful, postretrieval decision-making proficiencies with more schooling and amplified auditory experience. Some experts (Murphy, 2002) note that research on categorical knowledge in children has been limited by offline methodologies requiring explicit, metacognitive knowledge. This research establishes the appropriateness and value of a speeded category-verification online task for assessing conceptual knowledge in children, including those with HI.
Online Methodology
Task sensitive to earlier, nonvolitional, time-sensitive mental knowledge/processes, of which participants may be unaware. One approach is to construct stimuli with systematic variations that may not be discerned by participants and yet influence performance. Online tasks tap automatic or implicit, rather than voluntary or explicit, access to knowledge, thus reducing susceptibility to influence by related processes that are not of interest. For example, a category-verification task cues individuals with a category label and asks them to indicate as quickly and accurately as possible whether individually presented stimuli are members of category.
Metaknowledge or Metacognition
Awareness of one's own knowledge and thought processes.
Taxonomic Categorization
Grouping of objects or instances according to hierarchically structured principles of like kinds. (e.g., fruit, apple, Fuji apple).
Thematic Categorization
Grouping of objects or instances according to event-based co-occurrence or association (e.g., fruit, lunchbox, school).
Typicality
Some members are viewed as better, more (proto)typical instances of a category; for instance, a robin is considered a better instance of "bird" than a penguin. The typicality effect is a response effect in which individuals show a performance advantage on classification tasks for typical, relative to atypical, members of a category. An example is that, relative to penguin, classification of a robin as a bird yields faster reaction times and fewer errors.
Relatedness
Some nonmembers of a category can share similarities with category members, creating fuzzy category boundaries (e.g., a bird and a bat). The relatedness effect is a response effect in which individuals show a performance disadvantage in classification tasks for instances that share similarities with category members. An example is that, relative to shoe, classification of a bat as not a bird yields slower reaction times and more errors.
Semantic Memory
Our accumulated knowledge of basic meanings and facts. We assume that modality-specific inputs are connected to a common, or amodal, semantic system. Assessment of amodal semantic knowledge via different modalities should reveal similar findings. Thus, categorization of pictures should reveal any effects of hearing loss on the organization of semantic memory. In contrast to this viewpoint, another school of investigators assumes modality-specific systems in the representation of conceptual knowledge.
APPENDIX B
Principal-component analysis of dependencies among set of demographic measures identified three significant components, which were seemingly related to age and age-related competencies, hearing loss, and age of identification/amplification/education (ID/amp/ed) 
